Current reliance on fossil fuels is unsustainable due to pollution and finite supplies. Microbial cell factories serve as promising alternatives renewable energy resources. Microorganisms generate electricity in their metabolism; act as catalysts for converting the chemical energy into electricity. In Microbial Fuel Cell (MFC), electrons provided by microorganisms flow through an electrical external circuit transport, create current and power. There are kind of MFCs such as Photosynthetic Alga Microbial Fuel Cells (PAMFCs), Microbial Desalination Cells (MDCs), and Sediment Microbial Fuel Cells (SMFCs). One of the main challenges with current state of MFCs biotechnology is its power output. MFCs with comparable power output can develop by terminal electron acceptors with a low redox potential and increase the cathode surface area. Anode and cathode performance are important factors limiting the power density of MFCs for practical application, but only a little development has been reported in the case of anode chamber.
World needs to develop sustainable technologies to replace thousands of products have been generated from nonrenewable fossil fuels (Varman et al., 2013; Helder et al., 2012) . New technologies in sustainable way are needed to facing challenges in the aspect of population explosion including global warming, freshwater scarcity, and soil deterioration (Wang, 2011) . Microbial cell factories serve as promising alternatives for the production of diverse commodity chemicals and biofuels from renewable resources (Varman et al., 2013) .
Microbial Fuel Cell
It has been known for almost one hundred years that microorganisms could generate electricity, but only in the past few years has this capability become more than a laboratory novelty (Barua and Deka, 2010) . Microbial Fuel Cells (MFCs) are unique in promising sustainable energy biotechnology to utilize microorganisms as catalysts for converting the chemical energy of feedstock directly into electricity in their metabolism from what would otherwise be considered waste (Gruning et (Xie et al., 2010) . MFCs present a complex microbial ecosystem similar to classical fuel cells, where the redox reaction is part of the microbial metabolism rather than mediated by an inorganic catalyst (Gruning et al., 2014) . The transfer of electrons may occur by direct contact between membrane bound proteins and the electrode surface or by conduction through nanowires by microorganism that link cells to the electrode surface (Xie et al., 2010) . While the electrons travel through the circuit, the corresponding protons migrate to the cathodic compartment through a proton exchange membrane (PEM) to maintain charge neutrality (Yadav et al., 2009 ).
Photosynthetic alga Microbial Fuel Cell
The idea of developing biocathodes is to use the photosynthetic ability of microalgae for oxygen supply cathodic reaction (Yadav et al., 2009 ). Microalgae are a group of simple, plantlike, and old living organisms at the bottom of food chain in aquatic environments (Wan et al., 2013; Kumar and Sharma, 2014) . Microalgae cover all unicellular and simple multicellular microorganisms including both prokaryotic cyanobacteria and eukaryotic green algae and diatoms (Li et al., 2008) . Microalgae have the ability to reduce atmospheric CO2 into useful organic compounds by using solar energy (Varman et al., 2013) . Photosynthetic Alga Microbial Fuel Cell (PAMFC) have emerged as a promising biotechnology for generating renewable energy since it relies on living organisms as inexpensive, self repairing and readily available catalysts to produce electricity from an abundant resource sunlight (Bombelli et al,, 2014) . Power density of a PAMFC is determined by several aspects of the system such as solar radiation, photosynthetic efficiency of the microalgae, and efficiency of the MFC (Helder et al., 2012) . PAMFCs capture and convert solar energy into electricity (Mahesh et al., 2013) , using microalgae in the cathode compartment and a anaerobic microorganisms consortium in the anode (Gouveia et al., 2014) . Entrapment of microalgae will reduce the area requirement for the production of more oxygen. It will lead to development of compact cathode of MFC and will reduce the higher internal resistance problem, which is one of the MFC scaling up bottlenecks (Yadav et al., 2009) . 
Microbial Desalination Cell
Halophiles are salt loving microorganisms optimally growing at high concentrations of salt with the capacity to balance the osmotic pressure and resist the denaturing effects of salts (Diba et al., 2014) . The Microbial Desalination Cell (MDC) is a promising biotechnology to desalinate water without electrical energy input (Shehab et al., 2013) . Based on MFC's structure, it could have fulfilled desalination function by addition of a middle chamber and anion exchange membrane (AEM) (Wang, 2011) . In fig.  2 concept of a PAMFC modified to MDC is shown. MDCs consist of three compartments, the anode, the cathode, and a salt compartment, which is between the anode and the cathode (Brastad and He, 2006) .
MFCs with AEMs often show better performance than those with cation exchange membrane (CEMs). The primary species transferred across the membrane with an AEM, are ClÉ, HCO3É, and HPO42-along with OHÉ ions. While ionic imbalances are detrimental to the general operation of MFCs, the movement of ions across membranes during current generation provides a method for altering water chemistry in a manner that can be useful for achieving water desalination (Cao et al., 2009 ).
sediment Microbial Fuel Cell
A sediment Microbial Fuel Cell (SMFC) is a device that produces electricity biologically from sediments in aquatics, can be a feasible solution for sustainable power generation in remote places, too (Jung et al., 2014; Franks and Nevin, 2010) .
DisCussion
Current reliance on fossil fuels is unsustainable due to pollution and finite supplies (Franks and Nevin, 2010) . With increasing urbanization, the challenge for both clean water and alternative sources of renewable energy are urgently required to sustainability (Limson et al., 2013) .
With increasing concerns for alternative energy sources, the investigation of MFCs has received considerable attention in recent years. Plenty of electrons derived from organic or nonorganic energy sources, stored in waste biomass of natural, agricultural, municipal and industrial waste (El-Naggara et al., 2010), used by anaerobic or facultative anaerobic bacteria in anodic microbial catalysts in MFC design (Limson et al., 2013) . It is estimated that in the next 20 years the average per capita supply of clean water will decrease by one-third. Desalination is one option for producing potable water from brackish water and seawater in many parts of the world, but most water desalination technologies need energy and intensive (Cao et al., 2009) . Halophiles in DMCs desalinate water without need of electrical energy input (Shehab er al., 2013). One of the main challenges with current state of MFCs biotechnology is its power output. Maximum power outputs of the PAMFC have been achieved in short term tests like polarization curves and were not sustained for longer periods of time. A long distance from anode to cathode leads to transport losses in the anode. In some researches the design of anode chamber has tubular shape with a membrane at In MFCs, microorganisms consume a substrate in anaerobic conditions, produce carbon dioxide, protons and electrons in anode chamber (Pranab and Deka, 2010) . Anode performance is an important factor limiting the power density of MFCs for practical application but only a little development has been reported. To improve the interaction between the anode surface and microbial biofilm, researchers have employed various commercially available carbon based porous anodes including carbon cloth, carbon paper, carbon foam, and reticulated vitrified carbon (Xie et al., 2010) . The performance of MFC may be enhanced through several important process parameters including cell metabolism, microbial electron transfer, proton exchange membrane transfer, external and internal resistances, and cathode oxidation (Rahimnejad et al., 2014) . The performance of the cathode as anode, is an important limitation due to usage of sustainable catholyte (Mahesh et al., 2013) , Generally, oxygen is used as the final electron acceptor; accelerate the water formation process in the cathode chamber (Rahimnejad et al., 2014) . The distances which the charge carriers have to migrate within the devices can be shortened dramatically, reducing resistive losses in the electrolyte (Bombelli et al., 2014) .
PAMFC is a microalgae biotechnology utilize in cathode chamber that could produce sustainable bioelectricity by producing oxygen in their metabolism (Helder et al. 2012 ). The demonstrated possibility of producing added value microalgae biomass in microbial fuel cell cathodes will increase the economic feasibility of bioelectrochemical systems, allowing the development of energy efficient systems for desalination or wastewater treatment and carbon fixation (Gouveia et al., 2014) . The use of algae as a feedstock in MFCs has not been widely reported in the literature (Limson et al., 2013) .
Water desalination can be accomplished without electrical energy input or high water pressure by using a source of organic matter as the fuel to desalinate water (Cao et al., 2009) . In MDCs, during the desalination process, the anodic bacteria are still faced with high salinity shock. Changes of anodic microbes in high TDS1 MFCs were not clear. The microbial community may be changed by salinity to halotolerants due to succession. Addition of salts increases the conductivity and reduces the internal resistance, thus is beneficial to electricity generation and removing TDS (zhang et al., 2011). MDC modified by adding a desalination chamber between the anode and cathode. Exoelectrogen microorganisms catalyze the conversion of electron donors to bioelectricity. The internal resistance in MDCs increase significantly with decreasing water salinity, needs to optimize this technology to achieve higher desalination rates and power densities (Shehab et al., 2013) . In a modified MDC by Cao et al. (2009) , two membranes placed between the anode and cathode, creating a middle chamber for water desalination between the membranes. An anion exchange membrane was placed adjacent to the anode, and a cation exchange membrane was positioned next to the cathode. When current was produced by bacteria on the anode, ionic species in the middle chamber were transferred into the two electrode chambers, desalinating the water in the middle chamber. Through adjustment of the flow rates into electrode chambers and desalination chamber, it should be possible to limit pH changes to desired levels. The addition of proportional buffer and the use of anode to cathode recirculation are two possible approaches for addressing this problem (Cao et al., 2009) . In order to increase the MFC power density, internal resistance should be decreased (Helder et al., 2012) .
MEDIC reactors showed better performance in desalination and energy recovery than MDC reactors. These differences were due to the presence of the ion exchange resins (IERs), which could act as a bridge to enhance ion transfer between the solution and ion exchange membranes. In MEDIC reactors, bacteria in the anode chamber oxidized the organic matter faster than the MDC reactors and have higher productivity of salt removal than MDCs (Shehab et al., 2013) . In fig. 3 a benthic microbial fuel cell has shown (it's a kind of MEDICs).
Between an anode surface and microbial biofilms to facilitate extracellular electron transfer, besides high conductivity, chemical stability, biocompatibility, resistance to decomposition, and catalytic activity, optimal anodes preferably require porous structure to allow internal colonization and strong interaction including affinitive mechanical contact and higher electrical conductivity (Xie et al., 2010) . MFCs with comparable power output can develop by terminal electron acceptors with a low redox potential (Gruning et al., 2014) and increase the cathode surface area (Banik et al., 2012) . MFC with O2 or air as the cathode electron acceptor needs expensive platinum as catalyst to accelerate the O2 reduction (Mahesh et al., 2013) . The improvement of the performance of the oxygen reduction at lowest possible costs (Yadav et al., 2009) or novel anaerobic microorganism as cathode catalyst is one of the most important issues for research and development (Mahesh et al., 2013) . A number of mediators have been suggested for use in microbial fuel cells, including natural red, methylene blue, thionine or resorfuin (Pranab and Daka, 2010) .
To further improve MFC technology an understanding of the limitations and microbiology of these systems is required. Some researchers are uncovering that the greatest value of MFC technology may not be the production of electricity but the ability of electrode associated microbes to degrade wastes and toxic chemicals (Franks and Nevin, 2010 ).
Alternative energy production strategies are gaining importance for combating future energy crisis. MFCs could be an effective means to enhance bioelectricity production. This review was unable to examine the entire field of MFC research in detail but hopes to highlight some important points.
The discovery that microbial metabolism could provide energy in the form of an electrical current has lead to an increasing interest and a dramatic raise in the number of publications in the field of MFC research. One of the most active areas of MFC research is the production of power from wastewaters. Studies are demonstrating that any compound degradable by bacteria can be converted into electricity (Franks and Nevin, 2010) . Generated electrons provided from chemical bonds with the aid of active microorganisms, flow through an electrical external circuit transport to anode, produced protons are moved through a proton exchange membrane toward the cathode compartment. The flow of electrons create current and power (Rahimnejad et al., 2014) .
In PAMFC, microalgae use to supply oxygen by photosynthesis in the cathode chamber (Gouveia et al., 2014) . It should be noted that in this system microorganisms utilized both in the cathode and anode compartments, describe a green system.
MFCs still face problems of scaling up from laboratory experiments. Various metals have typically been used to catalyze the cathodic reaction but oxygen reduction cathode is currently an important limiting factor in a MFC (Franks and Nevin, 2010) . Improving the anode design is important for enhancing the MFC performance but only a little development has been reported. The performance of MFCs is affected by many factors, including the cathodic reaction, substrate, buffer system, and operating temperature (Xie et al., 2010) . Further studies are necessary to understand the effect of different operational parameters and optimize the electricity production from the MFC. With continuous improvements in microbial fuel cell, it may be possible to increase power generation and reduce production and operating cost of MFCs. Thus, the combination of wastewater treatment along with electricity production may help in compensating the cost of wastewater treatment, making it sustainable (Ghangrekar and Shehab, 2006) .
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